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(57) ABSTRACT 

An end-surface re?ection type surface acoustic Wave ?lter is 
capable of increasing an attenuation amount outside a pass 
band While insertion loss characteristics are not seriously 
deteriorated. The ?lter is a longitudinally coupled resonator 
type surface acoustic Wave ?lter using an SH type surface 
acoustic Wave, Which has ?rst and second grooves formed in 
a pieZoelectric substrate at the top surface thereof so as to be 
substantially parallel to each other and spaced from each 
other by a predetermined distance. In addition, IDTs Which 
are provided betWeen the grooves for de?ning the longitu 
dinally coupled resonator type surface acoustic Wave ?lter, 
re?ection end-surfaces disposed on side surfaces of the ?rst 
and the second grooves at the IDT sides, and one of a 
resin-coating layer and a protective layer made of SiO2, are 
provided on the top surface of the pieZoelectric substrate. 
The resin-coating layer is arranged to cover at least a region 
at Which the IDTs are located and at least one of the ?rst and 
the second grooves so as to intrude into one of them, and the 
protective layer is arranged so as to cover the IDTs. 

3 Claims, 14 Drawing Sheets 
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END-SURFACE REFLECTION TYPE 
SURFACE ACOUSTIC WAVE FILTER 

This application is a Continuation of US. patent appli 
cation Ser. No. 10/218,017 ?led Aug. 14, 2002, currently 
pending. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surface acoustic Wave 
?lters for use, for example, as a band-pass ?lter, and more 
particularly, the present invention relates to an end-surface 
re?ection type surface acoustic Wave ?lter Which utiliZes an 
SH type surface acoustic Wave, such as a BGS Wave or a 
Love Wave. 

2. Description of the Related Art 
A knoWn end-surface re?ection type surface acoustic 

Wave device utilizing an SH type surface acoustic Wave such 
as a BGS (Bleustein-Gulyaev-ShimiZu) Wave or a Love 

Wave is a longitudinally coupled resonator type surface 
acoustic Wave ?lter. In an end-surface re?ection type surface 
acoustic Wave device, a surface acoustic Wave is re?ected 
betWeen tWo end-surfaces opposing each other. Accordingly, 
re?ectors are not necessary and as a result, the surface 
acoustic Wave device such as a surface acoustic Wave ?lter 
can be miniaturiZed. 

FIG. 14 is a perspective vieW of a conventional end 
surface re?ection type and longitudinally coupled resonator 
type surface acoustic Wave ?lter. A longitudinally coupled 
resonator type surface acoustic Wave ?lter 101 has a pieZo 
electric substrate 102. In the pieZoelectric substrate 102 on 
the top surface thereof, a ?rst groove 102a and a second 
groove 102b are formed so as to be parallel to each other and 
are spaced from each other by a predetermined distance. 
BetWeen the grooves 102a and 102b, tWo interdigital trans 
ducers (IDTs) 103 and 104 are provided for constituting the 
longitudinally coupled resonator type surface acoustic Wave 
?lter. 

In addition, side surfaces of the ?rst and the second 
grooves 102a and 102b at the sides at Which the IDTs 103 
and 104 are located constitute re?ection end-surfaces for 
re?ecting an SH-type surface acoustic Wave. 

In the longitudinally coupled resonator type surface 
acoustic Wave ?lter 101 described above, since re?ectors are 
not necessary, miniaturiZation can be achieved. HoWever, it 
has been required that an attenuation amount outside a pass 
band be further increased but this has not been possible 
previously. 

SUMMARY OF THE INVENTION 

In order to overcome the problems described above, 
preferred embodiments of the present invention provide an 
end-surface re?ection type surface acoustic Wave ?lter 
Which greatly increases an attenuation amount outside the 
pass band and signi?cantly improves the degree of selec 
tivity. 

In accordance With a ?rst preferred embodiment of the 
present invention, an end-surface re?ection type surface 
acoustic Wave ?lter includes a pieZoelectric substrate having 
?rst and second re?ection end-surfaces disposed substan 
tially parallel to each other and spaced from each other by 
a predetermined distance, a top surface, a bottom surface, 
?rst and second pieZoelectric substrate portions extending 
from the bottom ends of the ?rst and the second re?ection 
end-surfaces to the outside, and ?rst and second grooves or 
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2 
?rst and second recess portions open to the outside, the ?rst 
and the second re?ection end-surfaces and the ?rst and the 
second pieZoelectric substrate portions de?ning the ?rst and 
the second grooves or the ?rst and the second recess 
portions, respectively, a plurality of interdigital transducers 
disposed on the top surface of the pieZoelectric substrate 
betWeen the ?rst and the second grooves or betWeen the ?rst 
and the second recess portions, and a resin-coating layer 
Which is provided on the top surface of the pieZoelectric 
substrate so as to cover at least the plurality of interdigital 
transducer and regions at Which the ?rst and the second 
grooves or the ?rst and the second recess portions are 
disposed and Which resin-coating layer includes a ?exible 
resin. In the end-surface re?ection type surface acoustic 
Wave ?lter described above, the resin-coating layer partially 
intrudes into at least one of the ?rst and the second grooves 
or at least one of the ?rst and the second recess portions. 

In accordance With a second preferred embodiment of the 
present invention, an end-surface re?ection type surface 
acoustic Wave ?lter includes a pieZoelectric substrate having 
?rst and second re?ection end-surfaces disposed substan 
tially parallel to each other and spaced from each other by 
a predetermined distance, a top surface, a bottom surface, 
?rst and second pieZoelectric substrate portions extending 
from the bottom ends of the ?rst and the second re?ection 
end-surfaces to the outside, and ?rst and second grooves or 
?rst and second recess portions open to the outside, the ?rst 
and the second re?ection end-surfaces and the ?rst and the 
second pieZoelectric substrate portions de?ning the ?rst and 
the second grooves or the ?rst and the second recess 
portions, respectively, a plurality of interdigital transducers 
disposed on the top surface of the pieZoelectric substrate 
betWeen the ?rst and the second grooves or betWeen the ?rst 
and the second recess portions, and a resin-coating layer 
Which is provided on the top surface of the pieZoelectric 
substrate so as to cover at least the plurality of interdigital 
transducers and regions at Which the ?rst and the second 
grooves or the ?rst and the second recess portions are 
disposed and Which resin-coating layer includes a ?exible 
resin. In the end-surface re?ection type surface acoustic 
Wave ?lter described above, the resin-coating layer is 
arranged so as to cover approximately 20% or greater of an 
area of the top surface of the pieZoelectric substrate Where 
the plurality of interdigital transducers are disposed. 

In the end-surface re?ection type surface acoustic Wave 
?lter described above, the ?exible resin may preferably have 
a Shore hardness of about 30 or less. When a resin having 
a Shore hardness of about 30 or less is used, While deterio 
ration of insertion loss characteristics is suppressed, undes 
ired spurious can be effectively prevented. 

In the end-surface re?ection type surface acoustic Wave 
?lter described above, as the ?exible resin described above, 
a gel resin may be used. Consequently, While deterioration 
of insertion loss characteristics is suppressed, undesired 
spurious can be effectively prevented. 

In addition, according to another preferred embodiment of 
the present invention, as the ?exible resin described above, 
a resin having a density of approximately 1.2 g/cm3 or less 
or, more preferably, approximately 1.0 g/cm3 or less after 
being cured may be used. Consequently, While deterioration 
of insertion loss characteristics is suppressed, undesired 
spurious can be effectively presented. 

In the end-surface re?ection type surface acoustic Wave 
?lter described above, as the ?exible resin described above, 
a resin having a Young’s modulus of about 1 MPa or less 
after being cured may be used. Consequently, While dete 
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rioration of insertion loss characteristics is suppressed, 
undesired spurious can be effectively prevented. 

In the end-surface re?ection type surface acoustic Wave 
?lter described above, as the ?exible resin described above, 
a resin having a linear expansion coef?cient of approxi 
mately 1.9><10_4 (1/° C.) or greater or, more preferably, 
approximately 23x10‘4 (1/° C.) or greater after being cured 
may be used. Consequently, While deterioration of insertion 
loss characteristics is suppressed, undesired spurious can be 
effectively prevented. 
As the ?exible resin described above, a gel resin having 

a density of about 1.0 g/cm3 or less, a Young’s modulus of 
about 1 MPa or less, and a linear expansion coef?cient of 
about 23x10“4 (1/° C.) or greater after being cured is more 
preferably used. 
As the ?exible resin described above, for example, a 

silicone rubber, an epoxy resin, or a urethane rubber may be 
used, and more preferably, a silicon rubber is used. 

In accordance With a third preferred embodiment of the 
present invention, an end-surface re?ection type surface 
acoustic Wave ?lter includes a pieZoelectric substrate having 
?rst and second re?ection end-surfaces disposed substan 
tially parallel to each other and spaced from each other by 
a predetermined distance therebetWeen, a top surface, a 
bottom surface, ?rst and second pieZoelectric substrate por 
tions extending from the bottom ends of the ?rst and the 
second re?ection end-surfaces to the outside, and ?rst and 
second grooves or ?rst and second recess portions open to 
the outside, the ?rst and the second re?ection end-surfaces 
and the ?rst and the second pieZoelectric substrate portions 
de?ning the ?rst and the second grooves or the ?rst and the 
second recess portions, respectively, a plurality of interdigi 
tal transducers disposed on the top surface of the pieZoelec 
tric substrate betWeen the ?rst and the second grooves or 
betWeen the ?rst and the second recess portions, and a layer 
Which includes SiO2 and is arranged so as to cover the 
plurality of interdigital transducers. 

In addition, in the end-surface re?ection surface acoustic 
Wave ?lter in accordance With the third preferred embodi 
ment of the present invention, When a Wavelength of a 
surface acoustic Wave Which is to be used is represented by 
7», and an electrode thickness of the interdigital transducer is 
represented by H, H/7»§0.06 is preferably satis?ed, and 
H/7»§0.045 is more preferably satis?ed. In the case 
described above, deterioration of insertion loss characteris 
tics can be effectively prevented. 

In the end-surface re?ection type surface acoustic Wave 
?lters in accordance With the ?rst to the third preferred 
embodiments of the present invention, the grooves or the 
recess portions each preferably have a depth that is substan 
tially equal to or larger than a Wavelength of an SH type 
surface acoustic Wave Which is to be used. Propagation of an 
SH type surface acoustic Wave is primarily performed at a 
depth that is substantially equivalent to or smaller than the 
Wavelength thereof from the surface of the pieZoelectric 
substrate. Accordingly, When each of the grooves or the 
recess portions has a depth in accordance the range 
described above, the SH type surface acoustic Wave Which 
is to be used is reliably re?ected on the end-surfaces, and 
hence a surface acoustic Wave ?lter having superior prop 
erties can be provided. 

The structures of the end-surface re?ection type surface 
acoustic Wave ?lters in accordance With the ?rst to the third 
preferred embodiments of the present invention are not 
speci?cally limited, and it may be a ladder type ?lter 
including an end-surface re?ection resonator, a longitudi 
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4 
nally coupled resonator ?lter, or a transversely coupled 
resonator ?lter. 

Other features, elements, characteristics and advantages 
of the present invention Will become more apparent from the 
folloWing detailed description of preferred embodiments 
thereof With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW shoWing an end-surface 
re?ection type and longitudinally coupled resonator type 
surface acoustic Wave ?lter according to a preferred embodi 
ment of the present invention; 

FIG. 2 is a perspective vieW shoWing the longitudinally 
coupled resonator type surface acoustic Wave ?lter shoWn in 
FIG. 1 after a resin-coating layer including a ?exible resin 
is removed therefrom; 

FIG. 3 is a partial, cutaWay cross-sectional vieW for 
illustrating a major portion of the longitudinally coupled 
resonator type surface acoustic Wave ?lter according to the 
preferred embodiment shoWn in FIG. 1; 

FIG. 4 is a graph shoWing attenuation amount versus 
frequency characteristics of longitudinally coupled resona 
tor type surface acoustic Wave ?lters according to a pre 
ferred embodiment of the present invention and a conven 
tional example; 

FIG. 5 is a graph shoWing the relationship betWeen 
spurious suppression and a ratio of resin coating area; 

FIG. 6 is a graph shoWing the relationship betWeen 
insertion loss and an intrusion amount of a resin-coating 
layer into a ?rst groove; 

FIG. 7 is a graph shoWing the relationship betWeen an 
intrusion amount of a resin-coating layer into the ?rst groove 
and spurious suppression outside the pass band; 

FIG. 8 is a graph shoWing the relationship among density 
of a cured resin-coating layer, insertion loss, and spurious 
suppression; 

FIG. 9 is a graph shoWing the relationship among Young’s 
modulus of a cured resin-coating layer, insertion loss, and 
spurious suppression; 

FIG. 10 is a graph shoWing the relationship among a 
linear expansion coef?cient of a cured resin-coating layer, 
insertion loss, and spurious suppression; 

FIG. 11 is a perspective vieW shoWing a modi?ed example 
of a longitudinally coupled resonator type surface acoustic 
Wave ?lter according to a preferred embodiment of the 
present invention; 

FIG. 12A is a partial, cutaWay cross-sectional vieW of 
another modi?ed example of a longitudinally coupled reso 
nator type surface acoustic Wave ?lter according to a pre 
ferred embodiment of the present invention; 

FIG. 12B is a graph shoWing attenuation amount versus 
frequency characteristics of said another modi?ed example 
of a preferred embodiment of the present invention and that 
of a surface acoustic Wave ?lter Which is prepared for 
comparison thereWith; 

FIG. 13 is a graph shoWing the relationship betWeen 
insertion loss and IDT thickness of the surface acoustic Wave 
?lter shoWn in FIG. 12A; and 

FIG. 14 is a perspective vieW shoWing a conventional 
longitudinally coupled resonator type surface acoustic Wave 
?lter. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Hereinafter, the present invention Will be described in 
detail With reference to particular preferred embodiments. 
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FIG. 1 is a perspective vieW of a longitudinally coupled 
resonator type surface acoustic Wave ?lter 1 according to a 
preferred embodiment of the present invention. In the lon 
gitudinally coupled resonator type surface acoustic Wave 
?lter 1, a substantially rectangular pieZoelectric substrate 2 
is preferably used. The pieZoelectric substrate 2 is preferably 
made of a pieZoelectric single crystal, such as LiTaO3 or 
LiNbO3, or a pieZoelectric ceramic such as lead titanate 
Zirconate. HoWever, other suitable materials may be used for 
the substrate 2. In addition, the pieZoelectric substrate 2 may 
be a laminate formed of pieZoelectric thin-?lms, such as 
ZnO thin-?lms, provided on an insulating substrate made of 
sapphire or other suitable material. 

FIG. 2 is a perspective vieW shoWing the longitudinally 
coupled resonator ?lter 1 after a ?exible resin-coating layer 
3 provided on the top surface of the pieZoelectric substrate 
2 is removed. As shoWn in FIG. 2, at a top surface 2a of the 
pieZoelectric substrate 2, ?rst and second grooves 2b and 2c 
are arranged substantially parallel to each other and are 
spaced from each other by a predetermined distance ther 
ebetWeen. The depth of each of the grooves 2b and 2c is such 
that they grooves do not to extend to a bottom surface 2d. 
Side surfaces of the grooves 2b and 2c at the internal sides 
thereof de?ne ?rst and second re?ection end-surfaces 2b1 
and 261. The depth of each of the ?rst and the second 
grooves 2b and 2c is preferably substantially equal to or 
larger than a Wavelength of a surface acoustic Wave Which 
is to be used. 

In addition, as shoWn in FIG. 11, instead of the ?rst and 
the second grooves 2b and 2c, ?rst and second recess 
portions 2x and 2y may be formed. That is, in a pieZoelectric 
substrate 2A shoWn in FIG. 11, ?rst and second re?ection 
end-surfaces 2b1 and 261 are substantially parallel to each 
other and are spaced from each other by a predetermined 
distance, and pieZoelectric substrate portions 2x1 and 2y1 
extending from the bottom ends of the re?ection end 
surfaces 2b1 and 261 to the outside are provided, thereby 
de?ning the ?rst and the second recess portions 2x and 2y 
Which are open to the outside. In the present invention, as 
described above, instead of the ?rst and the second grooves, 
the pieZoelectric substrate 2A having the ?rst and the second 
recess portions open to the outside may be used. 

BetWeen the ?rst and the second grooves 2b and 2c, 
longitudinally coupled resonator type ?lter portions are 
de?ned. The longitudinally coupled resonator type ?lter 
portion has a pair of IDTs 5 and 6 disposed in the direction 
of surface acoustic Wave propagation. 

The longitudinally coupled resonator type surface acous 
tic Wave ?lter of the present invention is not limited to the 
one-stage structure described above, and a longitudinally 
coupled resonator type surface acoustic Wave ?lter having at 
least a tWo-stage structure may be used. In accordance With 
the structure of a surface acoustic Wave ?lter Which is to be 
provided, a plurality of IDTs is disposed on the top surface 
of the pieZoelectric substrate 2. 

One of the unique features of the longitudinally coupled 
resonator type surface acoustic Wave ?lter 1 of this preferred 
embodiment is that the ?exible resin-coating layer 3 shoWn 
in FIG. 1 is arranged so as to cover the top surface 2a of the 
pieZoelectric substrate 2 described above. The ?exible resin 
coating layer 3 is arranged so as to cover the IDTs 5 and 6 
and the ?rst and the second grooves 2b and 2c. In addition, 
in this preferred embodiment, portions of the top surface of 
the pieZoelectric substrate 2 at the external sides of the ?rst 
and the second grooves 2b and 2c are also covered With the 
?exible resin-coating layer 3. HoWever, it is not necessarily 
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6 
required that the portions of the top surface of the pieZo 
electric substrate 2 described above be covered With the 
?exible resin-coating layer 3. 
The ?exible resin-coating layer 3 is preferably made of a 

resin having ?exibility so as not to suppress propagation of 
a surface acoustic Wave Which is excited When the longitu 
dinally coupled resonator type surface acoustic Wave ?lter 1 
operates. As the resin described above, various resins may 
be used, and in particular, a gel resin is preferably used. In 
addition, as the ?exible resin described above, a silicone 
rubber, an epoxy resin, or a urethane rubber is preferably 
used, and in particular, a silicone rubber is more preferably 
used. Preferable characteristics of a ?exible resin may be 
described later in details With reference to various preferred 
embodiments. 

In addition, as shoWn in FIG. 3, the resin-coating layer 3 
is arranged so as to intrude into the ?rst groove 2b. 

In the longitudinally coupled resonator type surface 
acoustic Wave ?lter 1, since the ?exible resin-coating layer 
3 is arranged so as to cover the regions at Which the IDTs 5 
and 6 are located and the grooves 2b and 2c and so as to 
intrude into the groove 2b, an attenuation amount outside the 
pass band can be increased. Hereinafter, this preferred 
embodiment Will be described With reference to a speci?c 
example. 
As the longitudinally coupled resonator type surface 

acoustic Wave ?lter according to the preferred embodiment 
described above, a pieZoelectric substrate, made of LiTaO3, 
having outside dimensions of approximately 0.9 mm, 1.7 
mm, and 0.38 mm of thickness Was prepared, and on the top 
surface thereof, the IDTs 5 and 6 Were formed. The total 
number of pairs of electrode ?ngers of each of the IDTs 5 
and 6 Was 30 and the Wavelength therefor Was about 21.8 
pm. In addition, after the IDTs Were formed, the ?rst and the 
second grooves 2b and 2c each having a Width of about 0.17 
mm and a depth of about 0.1 mm Were formed. The 
longitudinally coupled resonator type surface acoustic Wave 
?lter thus formed Was used as a conventional example, and 
as a longitudinally coupled resonator type surface acoustic 
Wave ?lter according to the present preferred embodiment, 
the ?lter described above Was provided With a ?exible 
resin-coating layer 3 made of a gel silicone resin on the top 
surface thereof. 

Attenuation amount versus frequency characteristics of 
the longitudinally coupled resonator type surface acoustic 
Wave ?lters according to the conventional example and the 
present preferred embodiment Were measured. The results 
are shoWn in FIG. 4. The solid line in FIG. 4 shoWs the 
characteristics of the present preferred embodiment, and the 
dotted line shoWs the characteristics of the conventional 
example. In addition, the solid line P and the dotted line Q 
shoWn in the central portion in FIG. 4 shoW the character 
istics of the present preferred embodiment and the conven 
tional example, respectively, Which characteristics are rep 
resented in accordance With an expanded scale in the vertical 
axis at the right side. 
As shoWn in FIG. 4, in the longitudinally coupled reso 

nator type surface acoustic Wave ?lter of the preferred 
embodiment, Which is provided With the ?exible resin 
coating layer 3, a loss is slightly increased in the pass band. 
HoWever, it is understood that the attenuation amount out 
side the pass band can be signi?cantly improved. The reason 
for this has been considered that since the ?exible resin 
coating layer 3 is provided so as to intrude into the ?rst 
groove 2b, re?ection of an unnecessary Wave betWeen the 
re?ection end-surfaces is prevented. 
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According to the results described above, the inventors of 
the present invention variously changed the coating area of 
the ?exible resin-coating layer 3 on the top surface of the 
piezoelectric substrate 2 and measured the suppression 
degree of spurious indicated by the arroWs A1 and A2 shoWn 
in FIG. 4. The results are shoWn in FIG. 5. 

In this preferred embodiment, a ratio (%) of the resin 
coating area in the horiZontal axis shoWn in FIG. 5 is a ratio 
of the coating area of the resin-coating layer 3 to the area of 
the top surface of the pieZoelectric substrate 2 Where the 
IDTs 5 and 6 are disposed, in other Words, an area of the top 
surface of the pieZoelectric substrate 2 sandWiched by 
re?ection end-surfaces 2b1, and 261. 
As shoWn in FIG. 5, it can be understood that, With an 

increase in resin coating area of the insulating resin-coating 
layer 3, the spurious responses indicated by the arroWs A1 
and A2 are suppressed, and as a result, it is understood that 
the attenuation amount outside the pass band is greatly 
increased. 

In addition, the relationship among the intrusion amount 
of the ?exible resin-coating layer 3 into the ?rst and the 
second grooves, the insertion loss Within the pass band, and 
the above-described spurious level outside the pass band 
Was measured. The results are shoWn in FIGS. 6 and 7. 

An intrusion amount of Zero shoWn in FIGS. 6 and 7 
means that the ?exible resin-coating layer 3 is provided only 
in the region at Which the IDTs 5 and 6 are located, and an 
intrusion amount in the range of about 0% to about 100% 
means a ratio of a cross-sectional area of the ?exible 
resin-coating layer 3 Which intrudes into the groove 2b to a 
cross-sectional area of the groove 2b. 

As shoWn in FIG. 6, as intrusion amount of the ?exible 
resin-coating layer 3 into the groove increases, the insertion 
loss deteriorates. HoWever, When the intrusion amount of the 
?exible resin-coating layer 3 into the groove 2b is about 50% 
or less, it is understood that deterioration of insertion loss 
characteristics can be suppressed to about 2 dB or less. 
Accordingly, When the intrusion amount of the ?exible 
resin-coating layer 3 into the groove 2b, Which is one of the 
grooves, is about 50% or less, the insertion loss character 
istic is not so much deteriorated. As shoWn in FIG. 7, it is 
understood that the spurious can be suppressed in the 
proximity of the pass band, and hence the attenuation 
amount outside the pass band can be increased. 

Accordingly, the ?exible resin-coating layer 3 is prefer 
ably arranged so that the intrusion amount thereof into one 
of the ?rst and the second grooves 2b and 2c is at a ratio of 
about 50% or less. 

Next, in the preferred embodiment described above, the 
inventors of the present invention variously changed mate 
rials used for forming the ?exible resin-coating layer and 
measured the relationship among the density thereof, the 
insertion loss, and the suppression of spurious, i.e. spurious 
improvement degree indicated by the arroWs A1 and A2 in 
FIG. 4. The results are shoWn in FIG. 8. The horiZontal axis 
of FIG. 8 indicates density of the ?exible resin-coating layer, 
and in this case, the resin coating area of the ?exible 
resin-coating layer Was 100%. In addition, in FIG. 8, mark 
. indicates the result of the insertion loss in the case in 
Which the resin-coating layer Was made of an epoxy resin, 
mark + indicates the result of the spurious suppression in the 
above case in Which the epoxy resin Was used, mark 0 
indicates the result of the insertion loss obtained When a 
silicone resin Was used, and mark x indicates the result of the 
spurious suppression in the above case in Which the silicone 
resin Was used. 
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In addition, the relationship among Young’s modulus of a 

material forming the ?exible resin-coating layer, the inser 
tion loss, and the spurious suppression is shoWn in FIG. 9. 
Marks ., +, 0, and x in FIG. 9 are the same as those in the 
case described With reference to FIG. 8. 

Furthermore, the relationship among a linear expansion 
coef?cient (><10_4/° C.) of the ?exible resin-coating layer, 
the insertion loss, and the spurious suppression is shoWn in 
FIG. 10. Marks ., +, 0, and x in FIG. 10 are the same as 
those in the case described With reference to FIG. 8. 

As shoWn in FIG. 8, When the density of the cured ?exible 
resin-coating layer is preferably about 1.2 g/cm3 or less and 
is more preferably about 1.0 g/cm3 or less, it is understood 
that While the deterioration of insertion loss characteristics is 
suppressed, spurious can be effectively prevented. 
As in the case described above, as shoWn in FIG. 9, When 

the Young’s modulus of the cured ?exible resin-coating 
layer is about 1 MPa or less, it is understood that While the 
deterioration of insertion loss characteristics is suppressed, 
the spurious can be effectively prevented as in the case 
described above. 

In addition, as shoWn in FIG. 10, When the linear expan 
sion coefficient of the cured ?exible resin-coating layer is 
preferably about 1.9><10_4 (1/° C.) or greater and is more 
preferably about 2.3><10_4 (1/° C.) or greater, it is understood 
that While the deterioration of insertion loss characteristics is 
suppressed, the spurious can be effectively prevented. 
Accordingly, a preferable resin forming the ?exible resin 
coating layer described above is a gel resin, and after being 
cured, the resin described above preferably has a density of 
about 1.0 g/cm or less, a Young’s modulus of about 1 MPa 
or less, and a linear expansion coef?cient of about 2.3><10_4 
(1/° C.) or greater. 

In accordance With another preferred embodiment of the 
present invention, a protective layer 11 made of SiO2 is 
provided on the top surface 2a of the pieZoelectric substrate 
2 so as to cover the IDT 5. In FIG. 12A, a portion of the top 
surface 2a at Which the IDT 6 is provided is not shoWn. 
HoWever, the protective layer 11 is also arranged so as to 
cover the IDT 6. 

In FIG. 12B, attenuation amount versus frequency char 
acteristics of a longitudinally coupled resonator type surface 
acoustic Wave ?lter provided With the protective layer 11 
described above are shoWn by the solid line. For 
comparison, attenuation amount versus frequency charac 
teristics of a longitudinally coupled resonator type surface 
acoustic Wave ?lter, having the same structure as that 
described above except that the protective layer is not 
provided, are shoWn by the dotted line. As the pieZoelectric 
substrate, 36° LiTaO3 is used, and as a metal forming the 
IDTs 5 and 6, aluminum is used. In addition, When a 
Wavelength of a surface acoustic Wave is represented by 7», 
a thickness h of the SiO2 ?lm is set such that h/7»=0.30 is 
satis?ed. 
As shoWn in FIG. 12B, by providing the protective layer 

11, it is understood that While the insertion loss character 
istics are not signi?cantly deteriorated, the spurious outside 
the pass band can be effectively decreased. In addition, by 
providing the protective layer described above, as compared 
to a surface acoustic Wave ?lter having no protective layer, 
temperature coef?cient of frequency can also be decreased. 

In FIG. 13, deterioration of the insertion loss character 
istics of the surface acoustic Wave ?lter is shoWn When the 
IDT thickness is changed. As shoWn in FIG. 13, When a 
Wavelength of a surface acoustic Wave ?lter Which is to be 
used is represented by 7», and a thickness H of the IDT 
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electrode is set such that H0» is preferably about 0.06 or less 
and is more preferably about 0.045 or less, the deterioration 
of the insertion loss characteristics can be prevented. 

In the case shoWn in FIG. 13, Al is preferably used for the 
IDT; hoWever, When copper (Cu), gold (Au), or other 
suitable material is used for the IDT, the inventors of the 
present invention con?rmed that the same advantages as 
those described above could be obtained. 

In the end-surface re?ection type surface acoustic Wave 
?lter in accordance With the ?rst preferred embodiment of 
the present invention, although the side surfaces of the ?rst 
and the second grooves or the ?rst and the second recess 
portions, Which are disposed in the pieZoelectric substrate at 
the IDT side, are used as re?ection end-surfaces, the ?exible 
resin-coating layer is arranged so as to cover at least the 
region at Which the IDTs are located, and at least one of the 
?rst and the second grooves or at least one of the ?rst and 
the second recess portions, and the ?exible resin-coating 
layer intrudes into one of the grooves or one of the recess 
portions. Accordingly, While the insertion loss characteris 
tics are not seriously deteriorated, the attenuation amount 
outside the pass band can be increased. As a result, a 
compact surface acoustic Wave ?lter Which has superior 
degree of selectivity and Which does not require re?ectors 
can be provided. 

In the end-surface re?ection type surface acoustic Wave 
?lter in accordance With the second preferred embodiment 
of the present invention, since the ?exible resin-coating 
layer is arranged so as to cover about 20% or greater of an 
area of the top surface of the pieZoelectric substrate Where 
the plurality of interdigital transducers are located, as in the 
case of the ?rst preferred embodiment of the present 
invention, While the insertion loss characteristics are not so 
seriously deteriorated, the attenuation amount outside the 
pass band can be increased. Consequently, a compact sur 
face acoustic Wave ?lter Which has superior degree of 
selectivity and Which does not require re?ectors can be 
provided. 

In the end-surface re?ection type surface acoustic Wave 
?lter in accordance With the third preferred embodiment of 
the present invention, since the layer made of SiO2 is 
disposed on the top surface of the pieZoelectric substrate so 
as to cover the IDTs, as in the cases of the ?rst and the 
second preferred embodiments of the present invention, 
While the insertion loss characteristics are not so seriously 
deteriorated, the attenuation amount outside the pass band 
can be increased. Consequently, a compact surface acoustic 
Wave ?lter Which has superior degree of selectivity and 
Which does not require re?ectors can be provided. 
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When the depth of the ?rst and the second grooves or the 

?rst and the second recess portions is substantially equiva 
lent to or larger than a Wavelength of an SH type surface 
acoustic Wave Which is to be used, the SH type surface 
acoustic Wave to be used is reliably re?ected on the side 
surfaces of the ?rst and the second grooves or the ?rst and 
the second recess portions at the IDT side, and hence an 
end-surface re?ection type surface acoustic Wave ?lter hav 
ing superior properties can be obtained. 

While preferred embodiments of the invention have been 
described above, it is to be understood that variations and 
modi?cations Will be apparent to those skilled in the art 
Without departing the scope and spirit of the invention. The 
scope of the invention, therefore, is to be determined solely 
by the folloWing claims. 
What is claimed is: 
1. An end-surface re?ection type surface acoustic Wave 

?lter comprising: 
a pieZoelectric substrate including ?rst and second re?ec 

tion end-surfaces disposed substantially parallel to each 
other and spaced from each other by a predetermined 
distance, a top surface, a bottom surface, ?rst and 
second pieZoelectric substrate portions Which extend 
from bottom ends of the ?rst and the second re?ection 
end-surfaces to outside of the ?lter, and ?rst and second 
grooves or ?rst and second recess portions open to the 
outside of the ?lter, the ?rst and the second re?ection 
end-surfaces and the ?rst and the second pieZoelectric 
substrate portions de?ning the ?rst and the second 
grooves or the ?rst and the second recess portions, 
respectively; 

a plurality of interdigital transducers disposed on the top 
surface of the pieZoelectric substrate betWeen the ?rst 
and the second grooves or betWeen the ?rst and the 
second recess portions; and 

a layer Which includes SiO2 and is arranged so as to cover 
said plurality of interdigital transducers. 

2. An end-surface re?ection type surface acoustic Wave 
?lter according to claim 1, Wherein, When a Wavelength of 
a surface acoustic Wave Which is to be used is represented by 
7», and an electrode thickness of the interdigital transducer is 
represented by H, H/7»§0.06 is satis?ed. 

3. An end-surface re?ection type surface acoustic Wave 
?lter according to claim Wherein, When a Wavelength of a 
surface acoustic Wave Which is to be used is represented by 
7», and an electrode thickness of the interdigital transducer is 
represented by H H/7»§0.045 is satis?ed. 

* * * * * 


